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[57] ABSTRACT 

A directly compressible pharmaceutical composition 
comprising cyclophosphamide and a partially or fully 
pregelatinized starch is disclosed. The pharmaceutical 
composition, when directly compressed into a tablet, 
exhibits unexpected stability when compared to cyclo- 
phosphamide in combination with other direct com- 
pression vehicles. 
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„ 3,584,114 to Cavalli, et a!.. U.S. Pat No 3 725 556 to 

DIRECT COMPRESSION CYCLOPHOSPHAMIDE Hanssen, et al„ U.S. Pat. No. 3,873,694 to Kanig. U.S 

TABLET Pat No 4,072,535 to Short, and U.S. Pat. No. 4,439,453 

FIELD OF THE INVENTION 5 ^Thefe'are currently several available binders or ex- 

This invention relates to a novel pharmaceutical com- cipients which can be used as direct compression vehi- 

position. More particularly, this invention relates to an cles. They include spray-dried lactose; anhydrous lac- 

unexpectedly stable pharmaceutical composition com- tose: microcrystalline cellulose; dicalcium phosphate 

prising cyclophosphamide and a partially or fully pre- dihydrate, unmilled; spray-congealed mannitol- unee- 
gelatinized starch, which composition can be directly 10 latinized starch (e.g., corn starch), and partially or fully 

compressed to form a pharmaceutical tablet. pregelatinized starch. 

BACKGROUND OF THE INVENTION Starch, as defined by the National Formulary XVI, 

The compressed tablet is one of the oldest and most 2™rtc£n %S^lS^^ ^ vT^r 

popular unit dosage forms for medicinal substances. « {THtlc^ 

The tablet as a dosage form can be traced to well over r Urtttcum asettvum Linne (Fam.Gramineae)}, or 
1.000 years ago when a procedure for moldTng soKd ^ ° f ^ ^ {Solanum tuberosum Linne 
forms containing medicinal ingredients was recorded. ^^ la ^eae)}. Pregelatinized starch is defined by 
As a result of the introduction of new carriers and com- ^ Na 'T F ^ mular ^ XVI » ""arch that has been 
pression vehicles, tablets are replacing many forms of ™ cl J emicall y ^nd/or mechanically processed to rupture 
pills, powders and capsules. Accordingly, tablets pres- ° r part ° e * ranulcs m the Presence of water and 
ently represent the largest production volume of all subsequently dried. Some types of pregelatinized starch 
pharmaceuticals. mav & e modified to render them compressible and flow- 
The reasons for the widespread use of tablets are abIe in character." Many types of partially or fully 
apparent, since tablets facilitate: (1) administration of 25 pregelatinized starches are commercially available for 
medication in an accurate dose; (2) fast and accurate use m direct compression tablet formulations, 
dispensing with less chance of error and contamination: Wilh the advent of the above described direct com- 
(3) ease of administration: (4) administration in a form in pression vehicles, drug manufacturers are seeking to 
which the time and area, of contact between the active formulate or reformulate pharmaceutically active corn- 
ingredient and the taste buds are reduced, thus obviat- 30 pounds into compositions which are directly compress- 
ing the physiological problems associated with the oral ible into tablets. One such compound is cyclophospha- 
administration of drugs that possess a bitter taste and, in . mide, an antineoplastic agent manufactured by Bristol - 
the case of coated tablets, with drugs that possess a Myers Company under the trademark CYTOXAN (R) 
disagreeable odor; (5) release of drugs at specific loca- which is currently tableted with specially prepared 
tions in the gastro-intestinal tract to prevent degrada- 35 directly compressible diluent. This DC diluent is pro- 
f U f Sens t mv , e 10 the r ' ow P« environment in the duced by a wet granulation process. However, process- 
stomach, prevent release of drugs that irritate the gas- in g cyclophosphamide using wet granulation method 
tnc mucosa in the stomach, and fac tate local action or h*« retain HrL,K„u 1 S""ui«ion meinoa 

packaging and shipping. over tlmc ' ^ tmrd problem is that the dissolution rate 

There are currently three basic methods for tableting f ^ tablet varies from batch t0 batch « with some 
They are the wet granulation method, the dry granula- 45 ha ™ g unacce P tabl V tew rates, 
tion method and the direct compression (DC) method. Obviously, a direct compression cyclophosphamide 
The direct compression method is by far the desired tabIet . would be desirable. Unfortunately, cyclophos- 
method from the standpoint of processing time and P nara, de is not one of the few known compounds which 
requirements of equipment and materials. However, Possesses the cohesive strength and flowability to allow 
only a very limited number of pharmaceutical sub^ 50 direct com P rcs sion. Thus, there is a need for a directly 
stances possess enough cohesive strength and flowabil- compressible composition comprising cyclophospha- 
ity to allow direct compression without previous granu- mide and a dire ct compression vehicle, which composi- 
tion. Certain crystalline materials, such as potassium f\ on obviates the problems resultant from wet process- 
bromide and potassium chloride can be compressed * n S- 

without preliminary treatment. Also, drugs such as 55 Accordingly, it is an object of this invention to pro- 
aspirin and phenolphthaline can be directly compressed vide a directly compressible pharmaceutical composi- 
after blending with suitable tableting excipients. *»on comprising cyclophosphamide and a direction 

It has been estimated that about 20 percent of the compression vehicle, 
materials used for tableting in -the pharmaceutical field 

may be compressed directly. In order to use this method 60 ' SUMMARY OF THE INVENTION 

to a greater extent, many more materials are modified . Surprisingly, a directly compressible pharmaceutical 

either by treating the material in some special way dur- composition has been discovered comprising cyclo- 

ing early stages of preparation, or by adding a direct phosphamide and a partially or fully pregelatinized 

compression vehicle, t.e a dry binder or cxcipient ma- starch. It has been found that this composition, when 

tend which will mix with the active ingredient to pro- 65 directly compressed into a tablet, exhibits unexpected 

directly compressible tablets include U.S. Pat. \£ Zl^SyT^S^l 
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BRIEF DESCRIPTION OF THE DRAWING 11 has been found ,hat STARCH 1500 provides the 

...... best results, but that the other pregelatinized starches 

t-iu. l is a schematic diagram of a process for making mentioned above will also provide good results 

a direct compression cyclophosphamide tablet in accor- STARCH 1500 is a modified, partially pregelatinized 

dance with this invention. 5 corn starch contami[lg approx ; mate | y 5 percent amy . 

DETAILED DESCRIPTION OF THE lose ' 15 P ercent amylopectin, and 80 percent unmodi- 

INVENTION fied corn starch. STARCH 1500 has a cold water solu- 

_ ble fraction of 10-20 percent. 

Cyclophosphamide is listed as a cytotoxic agent, by All starches contain two types of carbohydrate 
the Environmental Protection Agency. Accordingly, a 10 chains, i.e.. amylose and amylopectin, which both have 
core tablet blend containing the cyclophosphamide is the same basic chemical structure. However they are 
first prepared and compressed to form a compressed slightly different, which accounts for their very differ- 
core tablet The compressed core tablet is then covered ent individual properties. Amylose has a straight chain 
encapsulated by a second compressed coating called molecular make-up, while the amylopectin has a multi- 
a press coat blend which contains no active ingredi- 15 branched make-up. In unmodified corn starch, amylose 
ents Thus, persons handhng the tablets do not directly and amylopectin are randomly mixed throughout the 
contact the carc.nogemc cyclophosphamide. starch grains and are held together by hydrogen bond- 

I. THE CORE TABLET BLEND !!? g that P revems them fr om functioning independently. 

tu. - . li ui j ■ , Thc ge'atmized process breaks that hydrogen bonding 

The core tablet blend m accordance with this inven- 20 and allows the two chains to function separately 
ion comprises a mixture of cyclophosphamide, a par- STARCH 1 500, when used as a capsule excipient for 

1SL 0 „»I h * pregdaC r ed S T h ' and Op,i0nally • aspirin ' is known 10 P rovide ^tter stab hty than e" he 

additional d.luents or other ingredients such as disinte- anhydrous lactose or microcrystalline cellulose exciDi 

grants, lubncants, ghdants. etc. en ts. I, is also known that aspirin is an ester Ta, easily 
A. The Cyclophosphamide and Pregelatinized Starch 25 und< : r g oes hydrolysis in the solid state when exposed to 

n. | , , , , ambient moisture. STARCH 1500 has a high moisture 

The cyclophosphamide used in this invention is the content; however, this moisture is apparency not avaU- 

c y talhne monohydrate form. For purposes of the pro- able to hydrolyze the aspirin molecule n contra 

J , , an U 15 P'^"^ ,h £ the Par,ide de S radati °« °f cyclophosphamide (CY) raonoMrate 

«e be approximately 40 mesh or smaller. Due to its low 30 in solid dose forms is initiated by dehyd ation resultTng 

melting point (46 C), eye ophosphamide is not condu- in the loss of CY monohydrate crystalline roc u re CY 

ZJL U I,? » m ° ra K y , adm ! mstered - «*cloph«. monohydrate degrades rapidly when the moistu« con- 

mg w 100 m T V PrSSC d0Sa6e$ ° f " m8 ' 50 ,em i$ lKS tha " ,he ™onohydnrte equivalent. Without 

c i j-S? ' o . . bcin S bound by theory, the improved stabilitv is be- 

nized rfJT'X , yP es f ° f P a » ialI y«f«»ypregelati. 35 lieved to be due to the moisture of STARCH 1500 

«arch"^ a n t K remafter „ S,mpl >\ 'platinized maintaining the CY in its monohydrate state Th s is 

starch ) can be used in accordance with this mvention. surprising and unexpected since the moisture is tiehtlv 

The pregelatinized starch should meet all Notional For- bound and essentially unavailable asTnd ca ed bv the 

m " 'y\ 1 S,a ", dardS f an4 be Capab,e of mixin « wi,h slabil "y ° f ^pinn «he presence of STARCH 1500 
^ C fcilS e n 8 ^ < 5° mpreSSible ' ab - 40 The Platinized starch can be drild prfoMo 1- 

h u *l S ' mple r ° Utme Mperi - in S with cyclophosphamide. However no significant 

mentation determine those starches capable of forming differences have been observed using dried Tegelat" 

d he%r u s versus using undried 

fled, fully pregelatinized corn starch, PREGEL, which 

is an unmodified, fully pregelatinized corn starch, IN- B - Additional Diluents 

Products. Montreal, Canada: and several pregelatinized 60 p es ed co« P able, More'ove the^r^Z 3 r T" 
is a modified, fully pregelatinized tapioca starch. BIN™ u line «SL SS • t m ° n ° h y d ' a <e> m.crocrys- 
percent modified, fully pregelatinized waxy corn C. Disintegrants 

22-"£?2X which is a modified ' fully prege - °™rr \ e substances ,hat - added - *• 

ingredients of a pharmaceutical tablet to facilitate its 
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disintegration in the presence of water or biological bility testing was generally greater than 1.0 percent and 

lluids, and thus hasten the release of the active ingredi- tablet picking and sticking often occurred Therefore 

ents. In experiments with the core, tablet blend of this mixtures of pregelatinized starch and microcrystalline 

invention, sodium starch glycolate was used to facilitate cellulose at concentrations of 3:1, 1:1 and 1-3 have been 

disintegration. Experiments in which the level of dis- 5 evaluated. When microcrystalline cellulose comorises 

integrant was 0.0 percent. 4.0 percent and 8.0 percent at least 50 percent of the diluent, the resulting tablets 

were carried out to evaluate the effects on tablet disso- have acceptable tableting characteristics The stabi ity 

S^"™ g f I™' h , ardn !^ S, dU f ab u n ^ 8nd WdBht of ,he cyclophosphamide is not influenced significant y 
variation. The tes results indicated that increasing or by these ratios of pregelatinized starch to microcrystal 
decreasing the d.sintegrant level had no adverse effect 10 l ine cellulose. Thus, it is preferred to uL a press coat 

test rLuSnd ^l^r. ° f H hC f EVe " ' h0Ugh thC Wend COm P" sin « one Pregelatinized sfarch and 
est results indicated that a dismtegrant is unnecessary, three parts microcrystalline cellulose. 

l,r^ n /i rred ° mclud V sod,um starch 8'yeo'ate at a 4.0 The press coat blend can, of course, be comprised of 

Hir 1 - ~- SK=5 „ SSL-SJ Mft^ 

'ablets. The press coat can also include coloring addi- 

D. Lubricants ,ives 10 enable visual recognition of the tablet. In the 

Lubricants are ingredients that can be added to a tZ n f™?^®. } he P™ c ™ blend contains 

table, blend to facilitate ejection of the table's from Ae 20 W ]"? g ' VC ,he ^ * b] " 8 distinc,ive 

dies after compression ana to prevent tablets from stick! ^S^I^^T * "** ^ 

ing to the punch faces. Acceptable tablets can be manu- S 8 ' e " bel ° W ' 

factured using magnesium stearate in concentrations of HI. PROCESSING THE TABLETS 

0.25 percent, 0.5 percent and 1.0 percent of the tablet ah ■ ~ 

weight, with no tablet picking or srickTng to the punch 25 A * ^P'"" 8 ,he C ° re Tabkt and Press Coat Blends 

faces. However, a 1.0 percent concentration has a detri- . ^ schematic diagram of an overall process for pre- 

mental effect on tablet durability and maximum achiev- paring direct compression tablets in accordance with 

able hardness. Prolonged mixing of the powder blend this'invention is shown in FIG. 1. 

containing 0.5 percent does not significantly effect the The first ste P ir » preparing the core tablet blend is to 
dissolution characteristics, durability or tablet com- 30 deagglomerate the cyclophosphamide and additives 

possibility, and therefore, approximately 6,5 percent sucn as sodium starch glycolate (disintegraht) and col-, 

magnesium stearate is a preferred level of lubricant. loidaJ silicon dioxide (glidant) by dry screening in a 

E GHdanu r0tary S ranulator - The deagglomeration step is used to 

" wlloani5 break up aggregates of the cyclophosphamide and addi- 

Ghdants are compounds which are used to improve 35 tives - 

the flow of the powder blend and to minimize tablet Experiments were carried out to determine whether a 

weight variation. Core blends and the resulting tablets Model D. Fitzmill or a Colton Rotary Granulator could 

containing 0.0 percent, 0.2 percent and 0.5 percent col- sufficiently deagglomerate cyclophosphamide, sodium 

loidal silicon dioxide have been evaluated for flowabil- starch glycolate and colloidal silicon dioxide. That was 

ity and weight variation. These results show that the 40 accomplished by passing the ingredients concurrently 

addition of 0.2 percent and 0.5 percent improves core through the Fitzmill or Granulator. Laboratory experi- 

blend flowability and decreases tablet weight variation. ments demonstrated that the Fitzmill equipped with a 

The results also indicate that increasing the level of number 2A plate, knives forward and medium speed 

colloidal silicon dioxide beyond 0.2 percent does not could sufficiently break apart aggregates of those excip- 

further improve the flowability or weight variation. 45 ients. That is, there were no visual lumps in the excipi- 

rherefore, 0.2 percent colloidal silicon dioxide is a pre- ents after passing through the Fitzmill. Also, the Fitz- 

ferred level of ghdant in the core tablet blend. mill and a rotary granulator equipped with a 12 mesh 

It will be readily apparent to those skilled in the art screen were both shown to be operable when large 

that pregelatinized starches, diluents, disintegrants, lu- scale laboratory or production batches were prepared, 

bncants and glidants other than those specifically re- 50 After deagglomeration, the mixture is dry blended 

cited can be used. Determining the optimum levels of . together with the pregelatinized starch and other addi- 

such ingredients is well within the ordinary skill of such tives such as magnesium stearate (lubricant) A 25 

S^hI 1 ^ 01111 "' ex P enmenlation similar "> ^at cubic foot Peerless Radial Arm mixer can be used for 

c ed *° the dr y blending. Aliquots of core tablet blends have 

II. THE PRESS COAT BLEND 55 becn takcn from six diff erent areas of the Peerless mixer 

It is preferable that the composition of the press coat T 0 T, ra,es of J he J esu ' l ' n g. ablets, 

blend contain pregelatinized 'starch, most p^feraWy MlL^Z difSf?" ""V Ft SignifiCan , t ^ 

STARCH 1500* While pregelatinized starch I the ody 65 tr^cZ Z^ZT """^ ^ c ° r * tablet and 

diluent required in the core tablet blend, tableting char^ ers e a 7 s ,f t P p ^ » ^ d ' fferem 

acteristics are poor when used as the on y diluem in the 5 0 cubic P ^ Arm mixen 3 

press coat.For instance, table, weigh, loLduring durt! a 5 ^ U c^^ 
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Fifty-six batches of core tablet blends ranging in size 
from 2000 tablets to 138,000 tablets were blended. Con- 
tent uniformity and dissolution test results revealed no 
significant variability among the four mixers. Core tab- 
let blend and tablet assay results indicated that the po- 
tencies were near target and well within batch accep- 
tance limits. 

Compressibility test results of two scale-up batches 
indicate that prolonged blending has a slight effect on 
the coat blend compressibility. That is, the maximum 
mean hardness for the 100 mg tablets compressed from 
blends that were blended 2, 5 and 30 minutes were 34, 
34 and 26 Strong-Cobb units (SCU), respectively. How- 
ever, all of those maximum mean hardnesses were well 
above the intended upper limit of 18 SCU. 

B. The Blue Fleck Granulation 

Currently marketed CYTOXAN® tablets contain 20 
blue flecks in the coat to give the tablets a unique ap- 
pearance. Using a wet granulation process, a blue fleck 
formulation was prepared containing lactose as the 
diluent, povidone as the granulating agent, and two 
aluminum lake colors, FD&C Blue #1 and FD&C Yel- 25 
low #10. The ratio of five parts blue and one part yel- 
low resulted in the desired color. 
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EXAMPLE 1 
Composition of 25 mg DC Cyclophosphamide Tablets 



Ingredient 



Quantity Per 
Tablei , mg 



10 



15 



Core Tablet Blend: 

Crystalline Cyclophosphamide 26.750 
Monohydrate 

Pregetatinized Starch, N.F. n.5O0 
Sodium Starch Glycolate \ Iqq 

Magnesium Stearate q 200 

Colloidal Silicon Dioxide 0.05O 
. Total 

Press Coat Blend? 
Lactose Powder 

Color, FD&C Blue #1. Alum. Lake 
Color, D&C Yellow #10, Alum. Lake 
Povidone 

Macrocrystalline Cellulose, N.F. 
Pregelatimzed Starch, N.F. 
Sodium Starch Glycolate 
Magnesium Stearate 
Colloidal Silicon Dioxide 

Total 120.000 
Total (Whole Tablet) 160.000 



40.000 

7.152(1) 
0.040(1) 
0.008 (1) 
0.800(1) 
79.800 . 
27.000 
4.500 
0.500 
0.200 



Noie(l): Blue granulation. 



30 



45 



C. Tableting 

Processes for tableting are well known to those 
skilled in the art. A Manestry D3A Dry Cota rotary 
tablet press has been used and provides good results. It 
will be appreciated by those skilled in the art that other 
tableting machines capable of compressing a tablet 35 
within a tablet can also be used. 

Cracking along the tablet sidewall may be prevented 
by selecting tablet sizes with an adequate distance be- 
tween the perimeter of the core tablet and the perimeter 40 
of the press coat. A distance of at least 0.0859 inch for 
the 100 mg product and 0.0625 inch (1/16") for the 25 
mg and 50 mg products should be used. 

Using various compression forces (0.1 to 6.0 tons), 
tablet hardness limits of 7.0 SCU to 1 1.0 SCU, 10.0 SCU 
to 14.0 SCU and 14.0 SCU to 18.0 SCU for the 25 mg, 
50 mg and 100 mg tablets, respectively, will provide 
acceptable results. Those hardnesses result in accept- 
able adherence of the press coat to the core tablet for all 50 
three products, with no picking, capping or lamination. 
When the direct compression compositions are com- 
pressed within those hardness limits, no broken or 
chipped tablets have been found, and weight loss has 55 
been less than one percent. Tablet thicknesses are 
within five percent of the average thicknesses and tablet 
dissolution results are well within the specification of 
Q = 75% in 45 minutes according to the U.S. Pharmaco- 
peia National Formulary. 

The invention is illustrated in the following examples. 
The examples do not limit the scope of the invention in 
any manner. All percentages and ratios arc by weight 
unless otherwise stated. 

Examples 1-3 illustrate the compositions and pro- 
cesses for producing batches of 100,000 direct compres- 
sion tablets in accordance with this invention. 



Processing Instructions for 100,000 Tablets (25 mg) 

Blue Granulation 
I. Mix the following to dissolve: 



a. Povidone 
in 

b. Purified Water 



40.0 g 
120.0 g 



2. Blend the following to achieve a rough blend: 



a. Lactose Powder 

b. Color. FD&C Blue # 1 . Alum. Lake 

c- Color. D&C Yellow #10 - Alum. Lake 



200.0 g 
4.0 g 
O.Sg 



3. Mill or screen the rough blend to remove agglom- 
erates and to facilitate dispersal of the colorantsT 

4. Blend the following until uniform in color: 



a. Milled or screened materials 
from Step 3. 

b. Povidone 

c. Lactose Powder 



40.0 g 
515.2 g 



60 



65 



5. While blending, add the povidone solution to gran- 
ulate the powders. 

Note: Additional water may be added if necessary to 
achieve the proper consistency. 

6. Continue blending to achieve the desired consis- 
tency. 

7. Dry the material until the moisture content is 
within specification limits. 

8. Mill or screen the dried material to achieve a suit- 
able particle side distribution. 

9. Classify the sized material through a series of sieves 
to collect the fraction suitable for blue flecks (12 to 30 
mesh). 

Press Coat Blend 
1. Blend the following to achieve a rough blend: 
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•continued 



a. Sodium Starch Glycolate 

b. Colloidal Silicon Dioxide 



450.0 g 
20.0 g 



Ingredient 



Quantity Per 
Tablet, mg 



Total (Whole Tablet) 



240.00 



2. Mill or screen the rough blend to remove agglom- Noieii): Blue granulation, 
erates. 

3. Blend the following materials until homogenous: 



a. Milled or Screened Materials 
from Step 2. 

b. Pregelatinized Starch, N.F. 2,700.0 g 
a Microcrystalline Cellulose. N.F. 7,980.0 g 

d. Magnesium Stearate 50.0 g 

e. Blue Granulation 800.0 g 



10 



Processing Instructions for 100,000 Tablets (50 mg) 

Blue Granulation 
1. Mix the following to dissolve: 



Core Tablet Blend 
1. Blend the following to achieve a rough blend: 



15 



a. Povidone 
in 

b. Purified Water 



50.0 g 
150.0 g 



2. Blend the following to achieve a rough blend: 



20 



a. Cyclophosphamide Monohydrate 

b. Colloidal Silicon Dioxide 



2,675.0 g 
5.0 g 



a. Lactose Powder 

b. Color, FD&C Blue #1 - Alum. Lake 

c- Color, D&C Yellow #10 - Alum. Lake 



200.0 g 
5.0 g 
1.0 g 



2. Mill or screen the rough blend to remove agglom- 25 J^^T?.'^ ^ "J"!? 1° agg '° m - 
erates 66 crates and to facilitate dispersal of the colorants. 

3. Blend the following until homogenous: 4 ' Ble " d the followin « until uni f°™ color: 



a. Milled or Screened Materials 
from Step 2. 

b. Pregelatinized Starch, N.F. 

c. Sodium Starch Glycolate 

d. Magnesium Stearate 



30 



1,150.0 g 
1 50.0 g 
20.0 g 



a. Milled or screened materials 
from Step 3. 

b. Povidone 

c. Lactose Powder 



50.0 g 
694.0 g 



35 



Tablets 

1. Compress the core tablet blend to provide core 
tablets ranging from 1.17 to 1.23 grams per 30 tablets 
with the minimum hardness that will allow transfer of 40 
the core tablets without breakage. 

2. Compress the press coat blend around the trans- 
ferred core tablet to provide whole tablet weights rang- 
ing from 1.57 to 1.63 grams per 10 tablets having hard- 
ness values ranging from 7 to 1 1 SCU. 45 

EXAMPLE 2 
Composition of 50 mg DC Cyclophosphamide Tablets 



Ingredient 



Quantity Per 
Tablet, mg 



50 



5. While blending, add the povidone solution to gran- 
ulate the powders. 

Note: Additional water may be added if necessary to 
achieve the proper consistency. 

6. Continue blending to achieve the desired consis- 
tency. 

7. Dry the material until the moisture content is 
within specification limits. 

8. Mill or screen the dried material to achieve a suit- 
able particle side distribution. 

9. Classify the sized material through a series of sieves 
to collect the fraction suitable for blue flecks (12 to 30 
mesh). 

Press Coat Blend 
1. Blend the following to achieve a rough blend: 



Core Tablet Blend: 

Crystalline Cyclophosphamide 53.50 
Monohydrate 

Pregelattnized Starch, N.F. 23.00 
Sodium Starch Glycolate 3,00 
Magnesium Stearate 0.40 

Colloidal Silicon Dioxide q,iq 

Total 

Press Coat Blend: 
Lactose Powder 

Color, FDitC Blue #1. Alum. Lake 
Color. D&C Yellow #10. Alum. Lake 
Povidone 

Microcrystalline Cellulose, N.F. 
Pregelatinized Starch. N.F. 
Sodium Starch Glycolate 
Magnesium Stearate 
Colloidal Silicon Dioxide 

Total 160.00 



a. Sodium Starch Glycolate 

b. Colloidal Silicon Dioxide 



600.0 g 
30.0 g 



80.00 

8.94 (1) 
0.05 (1) 
0.01 (1) 
1.00(1) 
107.00 
36.00 
6.00 
0.70 
0.30 



55 



60 



65 



2. Mill or screen the rough blend to remove agglom- 
erates. 

3. Blend the following materials until homogenous: 



a. 


Milled or Screened Materials 
from Step 2. 






b. 


Pregelatinized Starch, N.F. 


3,600.0 


g 


c. 


Microcrystalline Cellulose, N.F. 


10,700.0 


8 


d. 


Magnesium Stearate 


70.0 


g 
g 


e 


Blue Granulation 


1,000.0 



Core Tablet Blend 
1. Blend the following to achieve a rough blend: 
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Cyclophosphamide Mo no hydrate 
Colloidal Silicon Dioxide 



5,350.0 g 
10.0 g 



2. Mill or screen the rough blend to remove agglom- 
erates. 

3. Blend the following until homogenous: 



12 

-continued 



Color, P&C Yellow #10 . Alum. Lake 



15 g 



3. Mill or screen the rough blend to remove agglom- 
erates and to facilitate dispersal of the colorants. 

4. Blend the following until uniform in color: 



b. 
c. 
d. 



Milled or Screened Materials 
from Step 2. 

Pregelatinized Starch. N-F. 2,300.0 g 

Sodium Starch Glycolatc 300.0 g 

Magnesium Stearate 40.0 g 



10 fl - Milled or screened, materials 

from Step 3. 

b. Povidone 

c. Lactose Powder 



75.0 g 
941.0 g 



15 



Tablets 

1. Compress the core tablet blend to provide core 
tablets ranging from 2.34 to 2.46 grams per 30 tablets 
with the minimum hardness that will allow transfer of 
the core tablets without breakage. 

2. Compress the press coat blend around the trans- 
ferred core tablet to provide whole tablet weights rang- 
ing from 2.35 to 2.45 grams per 10 tablets having hard- 
ness values ranging from 10 to 14 SCU. 

EXAMPLE 3 
Composition of 100 mg DC Cyclophosphamide Tablets 



20 



25 



30 



5. While blending, add the povidone solution to gran- 
ulate the powders. 

Note: Additional water may be added if necessary to 
achieve the proper consistency. 

6. Continue blending to achieve the desired consis- 
tency. 

7. Dry the material until the moisture content is 
within specification limits. 

8. Mill or screen the dried material to achieve a suit- 
able particle side distribution. 

9. Classify the sized material through a series of sieves 
to collect the fraction suitable for blue flecks (12 to 30 
mesh). 

Press Coat Granulation 
1. Blend the following to achieve a rough blend: 



Ingredient 



Quantity Per 
Tablet, mg 



Core Granulation: 

Crystalline Cyclophosphamide 107.000 35 
Monohydrate 

Pregelatinized Starch, N.F. 46.000 

Sodium Carboxy-Methyl Starch 6.000 

Magnesium Stearate q.800 

Colloidal Silicon Dioxide 0.200 

Total 160.000 4 & 

Press Coat Granulation: 

Lactose Powder m 13.410 1 

Color, FD&C Blue #1, Alum. Lake 0.075* 

Color. D&C Yellow #10, Alum. Lake 0.01 5 1 

Povidone 1.500 1 

Microcrystadine Cellulose, N.F. 160.500 4 * 

Pregelatinized Starch. N.F. 54^000 

Sodium Carboxy-Methyl Starch 9.000 

Magnesium Stearate 1050 

Colloidal Silicon Dioxide 0.450 

Total 240.000 
Total (Whole Tablet) 400.000 



a. 
b. 



Sodium Carboxy-Methyl Starch 
Colloidal Silicon Dioxide 



900.0 g 
45.0 g 



2. Mill or screen the rough blend to remove agglom- 
erates. 

3. Blend the following materials until homogenous: 



a. 


Milled or Screened Materials 
from Step 2. 




b. 


Pregelatinized Starch, N.F. 


5.400.0 g 


c. 


Microcrystalline Cellulose, N.F. 


16.050.0 g 
105.0 g 
1.500.0 g 


d. 


Magnesium Stearate 


e. 


Blue Granulation 



50 



Core Granulation 
1. Blend the following to achieve a rough blend: 



Note 

'Blue granulation. 



Cyclophosphamide Monohydrate 
Colloidal Silicon Dioxide 



10,700.0 g 
20-0 g 



Processing Instructions for 100,000 Tablets (100 mg) 55 2 - Mi " or screen the rough blend to remove agglom- 

Blue Granulation m } ts ' . . . n . 

, xjr .« r „ , J - Biend the following until homogenous: 

1. Mix the following to dissolve: 



a. 
b. 



Povidone 
in 

Purified Water 



75.0 g 
225.0 g 



60 



a. Milled or Screened Materials 
from Step 2. 

b. Pregelatinized Starch. N.F. 

c Sodium Carboxy-Methyl Starch 
d. Magnesium Stearate 



2. Blend the following to achieve a rough blend: 



4.600.0 g 
600.0 g 
80.0 g 



65 



a. 
b. 



Lactose Powder 
Color. FD&C Blue #1 



Alum. Lake 



400.0 g 

w s 



Tablets 

1. Compress the core tablet blend to provide core 
tablets ranging from 1.56 to 1.64 grams per 10 tablets 
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with the minimum hardness that will allow transfer of 
the core tablets on the tablet press without breakage. 

2. Compress the press coat blend around the trans- 
ferred core tablet to provide whole tablet weights rang- 
ing from 3.92 to 4.00 grams per 10 tablets having hard- 
ness values ranging from 14 to 18 SCU. 

Example 4 illustrates the unexpected stability 
achieved by direct compression tablets comprising cy- 
clophosphamide and a pregelatinized starch. 

EXAMPLE 4 

The literature was reviewed to accumulate a list of 
available and commonly used direct compression excip- 
ients which could be used in a direct compression for 



14 



1. No Change - The appearance was identical to the 
control in a side-by-side comparison with the control. 

2. Slight Change - The change in appearance was 
slight and was not noticeable without comparison to a 

5 control. 

3. Moderate Change - The change in appearance was 
moderate and noticeable without comparison to a con- 
trol, 

4. Significant Change - The change in appearance 
10 was severe in a side-by-side comparison with a control 

tablet. 

A second set of discs was prepared similarly to the 
above except that the excipients were dried overnight in 
a forced air oven at 49° C. (120* F.) prior to blending 



— .i *■ r , " * vv..i h ,w WU „ ivi- a iui tcu mi uvcn ai **y ^. t-.) prior to blendini 

mulation for a 50 mg cyclophosphamide tablet. A pre- 15 with the cyclophosphamide. That was done to deter 
liminarv screen of the fn nu/inrr Hir^t ™ — L ttauu,lc r acier 



. o •> 1 r t * j/iw- 

Iiminary screen of the following direct compression 
excipients was carried out. 

1. FAST FLOW LACTOSE (lactose monohydrate) 

2. AVICEL® PH-101(microcrystalline cellulose) 

3. STARCH 1500 (starch, pregelatinized) 

4. Calcium phosphate dibasic (dihydrate, unmilled) 

5. TABLETTOSE ® (lactose monohydrate) 

6. EMDEX ® (dextrates) 

7. Anhydrous Lactose D.T 



mine whether moisture content affected compatibility. 
The results of the second set of discs are shown in Ta- 
bles III and IV. The moisture content of those excipi- 
ents was determined by a Cenco Moisture Balance set at 
20 100 volts for 10 minutes (Table V). 

Results from the first two sets of discs (Tables I-I V) 
indicated that STARCH 1500 was the most compatible 
exciptent with no change in appearance for at least 42 
days at 40* C. However, it was found that when 



To ,est for compatibility each excipicnt was blend* 25 ST ARCH 1 500 used as he so e Zen/ the K 
ith cycloDhosDham de and comnr«^H into h;^c ™m i . . V cni ' me DJeno 



1 -J J * ■ xnvipivikl TT UJ UILIIUU 

with cyclophosphamide and compressed into discs con 
taining one part cyclophosphamide and three parts ex 
cipient. Those discs were packaged in amber glass bot 
ties and held at 30 # C. and 40° C The discs were exam 
ined periodically for discoloration only. The experi 
mental discs were compared to two controls. One con 
trol was discs of the same composition held at 25' C. 
The second control was the core composition of cur- 
rently marketed CYTOXAN® tablets (CYTOXAN 
tablet core) compressed into discs and held at the same 35 
conditions a the experimental discs. The results of the 
first set of discs are shown in Tables I and II. 

The direct compression discs were evaluated for 
physical stability with cyclophosphamide, which was 



could not be compressed to the desired hardness for 
normal pharmaceutical processing and handling. There- 
fore, a third series of discs was prepared in which the 
diluent was a better compressible combination of 
30 STARCH 1500 and other excipients. The combinations 
used were as follows: 

1. STARCH 1500/AVICEL®PH-I01 (1:3) 
(13) STARCH I500/dicalciurn phosphate unmilled 

3. STARCH 1500/TABLETTOSE® (1:3) 

4. STARCH 1500/iactose, hydrous (1:3) 
A diluent to cyclophosphamide ratio of 3:1 was used 

in the discs. Two additional controls were made for the 
third series of discs. One control had a diluent consist- 



jy^,,.. : . ' r r ' ~" llu,u atuca ui ui^cs. une control nad a diluent consist- 

udged by the change in appearance of the tablets. His- 40 ing only of lactose powder because that compos" on 
toncal data has suecested that dkcnWarinn «f uZm — ; ^ . . „ mai composition 



torical data has suggested that discoloration of cyclo- 
phosphamide tablet cores indicates degradation. The 
appearance of the experimental discs were describe by 
the following four 



45 



had not previously been studied. The diluent 'for the. 
second control was comprised of lactose powder and 
corn starch in a ratio of 3:1. That control was added to 
compare the stabilizing effects of corn starch and 
STARCH 1500. The results of the third set of discs is 
shown in Table VI. 



TABLE I 



Change in Appearance of Compressed Discs 
Containing: CY and D.C. Excipients Stored at 40* C. 
— (Time, Days) 



28 



I 



42 



I 



56 



75 



CYTOXAN <g) Tablet Core 
STARCH 1500 

AVICEL <g) PH-101 

DicaJcium Phosphate, unmilled 
EMDEX ® (Dextrose) 
FASTrFLOW Lactose 
TABLETTOSE <§) (Lactose) 
Lactose Anhydrous 



-Slight Change- 



Mod Significant 
->KChange>K Change— > 



- No Change - 
Mod 



Slight 

K^Change--^^- Change— 

Mod 
K Change 



• Slight Change 



— " Significant Change 

• Significant Change 



K Significant Change ^>ft£- 
K Significant Change >f^" 
K Significant Change ^5f<- 
K Significant Change 



Disconiinued • 
Discontinued - 
Discontinued • 
Discontinued • 
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Change in Appearance of Compressed Discs 
Containing CY and DC. Excipients Stored at 30* C. 
, (Time. Days) 



28 



42 



I 



56 



75 



CYTOXAN ® Tablet 
Core 

STARCH 1500 

AVICEL ® PH-101 

Dicalcium Phosphate, 
unmiiled 

EMDEX ® (Dextrose) 

FAST-FLO Lactose 

TABLETTOSE ® 

(Lactose) 

Lactose Anhydrous 



* No Change - 



No Mod 
|ChangeKchange>^ 

No Mod 
(Change^— Change >K 

No Slight 
|ChangeKChange>^ 

No Slight 
|ChangeKchange» 



No Change - 
No Change - 
No Change - 



Significant Change — 
— Significant Change - 



-Moderate Change- 



- Moderate Change- 



Slight Change • 



TABLE III 



Change in Appearance of Compressed Discs 
Containing CY and Predried D.C. Excipients Stored at 40' C. 
(Time, Days) 



I 



14 



28 



42 



56 



75 



CYTOXAN ® Tablet Core 
STARCH 1500 

AVICEL ® PH-101 
Dicalcium Phosphate, unmiiled 
EMDEX ® (Dextrose) 
FAST-FLO Lactose 
TABLETTOSE ® (Lactose) 
Lactose Anhydrous 



-Slight Change- 



Mod ^ 



Significant 
— Change- 



rs — — — — No Change 
Slight 

Change >< Mod Change X 

Mod 

K-Ch a nge->« 



"Significant Change- 



K Significant Change 

< Significant Change 

K Significant Change >«- 

K Significant Change 



Significant Change • 

Discontinued - 

Discontinued - 

Discontinued - 

Discontinued - 



TABLE IV 



Change in Appearance of Compressed Discs 
Containing CY and Predried D.C. Excipients Stored at 30' C. 

(Time, Days) 



U 



I 



28 



42 



56 



I 



75 



CYTOXAN ® Tablet 
Core 

STARCH 1500 

AVICEL ® PH-101 
Dicalcium Phosphate, 
unmiiled 

EMDEX ® (Dextrose) 

FA ST' FLO Lactose 
TABLETTOSE ® 
(Lactose) 

Lactose Anhydrous 



I Change I Change r^T" 

| No 

I Change IS 



-No Change — ^>fr<" 
-No Change — 



- No Change « 

- No Change — 
-No Change— 
-No Change— 



• Significant Change - 
-Significant Change - 

• Moderate Change - 

• Moderate Change - 



s »g ht Change - 
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Excipient 



The Perccni Moisture Content of D.C Eacipienis 
Before and After Drying at 120* F. for 18 Hours 

Before Drying After Drying 



FAST FLO Lactose 0 6 

AVICEL ® PH-101 4.2 

STARCH 1500 9.6 

TABLETTOSE <g> (Lactose) 0.2 

EMDEX (g) (Dextrose) 8.8 

Calcium Phosphate. Dibasic 1.0 

Anhydrous Lactose, D.T. 0.2 



0.4* 

2.2 

3.4 

0.5» 

0.6 

0.9* 

0.3* 



•Euentidly no change • within eiperimcnu) error of moisture hilince. 



cal stability in comparison to these cxcipients alone (see 
Table I) when held at 40* C Those combinations, how- 
ever, were not as stable as discs containing cyclophos- 
phamide and STARCH 1500 only as shown in Table I 
■ 5 or CYTOXAN® tablet cores with the exception. that 
the cyclophosphamide and STARCH 1500/dicalcium 
phosphate discs were more stable than CYTOXAN ® 
tablet cores. 

When results on the last three discs held at 40* C. 
10 containing cyclophosphamide and hydrous lactose are 
compared (Table VI), it is evident that STARCH 1500 
had a stabilizing effect while corn starch did not. Corn 



TABLE VI 



Change in Appearance of Compressed Discs 
Containin g CY and Combinations of D.C. Excipients Stored at 40* C. 

(Time. Days) 



14 



28 



42 



49 



CYTOXAN ® Tablet Core 

STARCH 1500/AVICEL ® PH-101 
STARCH 1500/DICAL 
PHOSPHATE 

STARCH 1500/TABLETTOSE (g> 
STARCH 1500/HYDROUS 
LACTOSE 

HYDROUS LACTOSE 
CORN STARCH/HYDROUS 
LACTOSE 



. No Slight 
(Change IChangc • 
, No Slight 
IChange IChange « 



- Slight Change * 

- Slight Change • 
-No Change 



' Mod 
-^Change 



Mod Change 
> 



.Slight .Mod.. 
IChange IChg 1^ 

. Slight .Mod. 



- Moderate Change • 
• Moderate Change - 



I *«gni woo 
iChange iChg 



Significant Change 
Significant Change 



Results and Discussion 

The changes in appearance of the first set of discs are 35 
illustrated in Tables I and II. It should be noted that the 
changes in appearance occurred gradually during the 
course of the study and not abruptly as the format of the 
tables might suggest. A review of Table I shows that the 
discs containing dextrose or lactose evidenced a signifi- 40 
cant change within one day when held at 40° C The 
discs containing cyclophosphamide and AVICEL ® or 
dicalcium phosphate evidence a significant change in 
two to four weeks which was much earlier than the 
same change noted with the CYTOXAN® tablet 45 
cores. The discs containing cyclophosphamide and 
STARCH 1500 showed very little change throughout 
the study and was far superior to the other excipients 
and the CYTOXAN ® tablet cores. 

Table II shows the changes in appearance of the same 50 
set of discs held at 30' C. Here again, the discs contain* 
ing cyclophosphamide and dextrose or lactose showed ' 
the most change in the least time. The CYTOXAN ® 
tablet cores showed only a slight change during the 
study. Discs containing cyclophosphamide and 55 
STARCH 1500, AVICEL® or dicalcium phosphate 
did not change during the study. 

Tables III and IV show the results for the second set 
of discs where the excipients were dried. AVICEL®, 
STARCH 1500 and EMDEX® were the only excipi- 60 
ents that had a significant change in their moisture con- 
tent after drying overnight (Table V). These results are 
essentially the same as those results for the first set of 
discs. 

The results of the third series of discs are illustrated in 65 
Table VI. Table VI shows the additions of STARCH 
1500 to AVICEL®, TABLETTOSE®, hydrous lac- 
tose or dicalcium phosphate definitely improved physi- ' 



starch and hydrous lactose comprise the diluent svstem 
of the currently marketed Cytoxan tablets. 

In conclusion, the results indicated that pregeiati- 
nized starch (STARCH 1500) was the most physically 
compatible excipient within the limits of this study: 
Pregelatinized starch also appeared to improve the 
compatibility of other excipients with cyclophospha- 
mide while corn starch did not. The moisture content of 
excipients did not affect compatibility. 

EXAMPLE 5 
Following the startling results of Example 4 in which 
the direct compression cyclophosphamide/pregelati- 
nized starch composition showed unexpected stability, 
an experiment was performed to determine whether 
several brands of pregelatinized corn starches differ in 
their physical and/or chemical compatibility with cy- 
clophosphamide. In the experiment, the following pre- 
gelatinized corn starches were substituted for the 
STARCH 1500 in the cyclophosphamide core blends. 
The source and type of each of the following pregelati- 
nized starches has been previously described. 

1. CERI-GEL 300 

2. CERI-GEL 433 

3. PREGEL 

• 5. TENDER JEL 

6. WHEATGEL 100 

7. BINASOL® 15 

8. BINASOL®81 ■ 

9. INSTANT TENDER JEL 

10. STARCO 401 

11. DURA-GEL® 

12. STAY-RX® 
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Core blends for 2000 core tablets of each brand of 
corn starch were prepared in a Turbula (Model-T2A) 
mixer for five minutes. The blends were compressed 
into tablets on the Colton 216 rotary tablet press tooled 
with four stations of 7/32 inch tooling. The uncoated 
core tablets were packed in amber glass bottles and held 
at 30° C, 35° C. and 40° C. The results of the assays at 
35° C. and 30* C. are shown in Tables VII and VIII. 
The results of the appearance tests at 40* C, 35° C. and 
30° C. are shown in Tables IX, X and XI, respectively. 

The characteristics of the tablets evaluated were ap- 
pearance and chemical stability (potency), The appear- 
ance of the test tablets was compared to control tablets 
from the same batch held at room temperature. The 



20 



10 



15 



appearance of the test tablets was described by the 
following four terms. 

1. No Change - The test tablet was identical to the 
control in a side-by-side comparison with a control 
tablet. 

2. Slight (si) Change - The test tablet exhibited a 
slight change in a side-by-side comparison with a con- 
trol tablet. The change was not noticeable without com- 
parison to a control. 

3. Moderate (mod) Change - The test tablet exhibited 
a moderate change in a side-by-side comparison with a 
control tablet. The change was noticeable without com- 
parison to a control, 

4. Significant (sig) Change - The test tablet exhibited 
a severe change in a side-by-side comparison with a 
control tablet. 

TABLE VII 



Assay Test Results For 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various Pregelatinized Starches Stored at 35* C. 
(Percent of Target) 



Age 
(Weeks) 



0 
10 
26 
39 
52* 
78 



Ceri-Oel300 Ccri-Gcl 443 Pregel Keogel 30 Tender Jel 419 Binasol 15 Binasol 8 1 



100.0, 99.6 
97.6 
89.8 

36.2 
30.8 



100.2. 100.0 
90.2 
92.6 
76.6 
59.2 
28.0 



100.0, 99.2 
98.4 
95.8 
92.4 
61.0 
43.6 



Age 
(Weeks) 



101.8. 101.2 
99.2 
85.2 
84.2 
48.6 • 
35.8 



102.2. 101.0 
99.2 
94.6 
90.0 
37.0 



Insiant 
Tender Jel 



101.6. 101.6 
98.4 
92.8 
85.0 
35.6 
31.6 



104.4, 101.0 

98.2 
* 88.6 

83.2 

42.6 

31.4 



Starco 401 Dura-Gel 



0 
10 
26 
39 
52' 
78 . 



102.2. 100.0 
98.8 
98.6 
99.2 
77.8 
37.4 



101.2, 102.0 
98.8 
100.2 
101.4 
41.6 
44.4 



Sta -K* Wheaigel 100 Starch 1500 



101,8. 100.0 
9S.8 
100.4 
98.4 
43.4 
35.0 



100.4. 10 1.1 
100.2 
98.0 
98.2 
95.2 
41.2 



103.4. 103.8 
91.8 
101.2 
101.6 
53.6 
40.6 



•Assay was performed on a one ublet sample. 



99.0. 102.0 
97.4 
9S.2 
97.4 
64.6 
43.6 



TABLE VIII 



Assay Test Results For 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various Pregelatinized Starches Stored at 30* C. 
(Percent of Target) 



Age 
(Weeks) 


Ceri-Gcl 300 


Ceri-Gel 443 


Pregel 


Keogel 30 


Tender Jel 419 


Binasol 15 


Binasol 8 1 


0 
26 
39 
78 
104 


100.0, 99.6 
100.8 

94.8 
97.8 


100.2, 100.0 
101.0 
98.6 
95.0 
95.6 


100.0, 99.2 
100.2 
100.6 
96.0 
97.8 


101.8, 101.2 
102.4 
99.8 
98.6 
100.8 


102.2. 101.0 
102.4 
101.4 
101.8 
98.0 


101.6, 101.6 
103.8 
99.6 
102.6 
99.4 


104.4. 101.0 
99.2 
100.0 
101.4 
98.8 



Age . 
(Weeks) 


Instant 
Tender Jel 


Starco 401 


Dura-Gel 


Sta-Rx 


Wheatgel 100 


Starch 1500 


0 
26 
39 
78 
104 


102.2, 100.0 
98.6 
99.2 
101.0 
98.6 


101.2, 102.0 
100.2 
101.4 
99.0 
99.0 


101.8, 100.0 
100.4 
98.4 
99.0 
99.6 


100.4, 101.8 
98.0 
98.2 
100.2 
92.0 


103.4. 103.8 
101.2 
101.6 
99.6 
99.8 


99.0, 102.0 

98.2 

97.4 

94.6 
91.8, 98.8 



TABLE IX 



Appearance Results for 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various Pregelatinized Starches Stored at 40' C. 



Age 

(Weeks) Cn.Gc. 300 Ceri-Oe! 443 Prw , Keogel30 ^ , ^ „ §j 

? Whl ' e Whit « whhe white wTi^ rrr 

4 S.g Change Sig Change Sig Cha ng e Sig Change SigChang s"Xn., g X» 

Age Instant w " 



S2££Lif! S.a,co40l Dura- Gd Sta-R, W^gejlOQ starch K00 

0 White White White White Whitf 

— S, g Change Sig Change Sig Change . Sis Change Si gCha nBe gg^ 
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TABLE X 



Appearance Results for 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various Pregelatinized Starches Stored at 35" C. 



Age 






(Weeks) 


Ceri-Gel 300 


Ceri-Gel 443 


0 


White 


White 


4 


No Change 


No Change 


10 


No Change 


No Change 


26 


No Change 


No Change 


39 


SI. Change 


No Change 


52 


SI. Change 


No Change 


78 


SI. Change 


SI. Change 



Pregel 



Keogel 30 Tender Jel 41 9 Binasol 15 Binasol 81 



White 
No Change 
No Change 
No Change 
No Change 
SI. Change 
SI. Chang; 



White 
No Change 
No Change 
No Change 
SI. Change 
SI. Change 
SI. Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
SI. Change 



White 
No Change 
No Change 
No Change 
SL Change 
SI. Change 
SI. Change 



White 
No Change 
No Change 
No Change 
SI. Change 
SI. Change 
SI. Change 



Age 
(Weeks) 


Instant 
Tender Jel 


Starco 401 


Dura-Gel 


Sta-Rx 


Wheatgel 100 


Starch 1500 


0 
4 

10 
26 
39 
52 
78 


White 
No Change 
No Change 
No Change 
No Change 
SI. Change 
SI. Change 


White 
No Change 
No Change 
No Change 
No Change 
No Change 
SI. Change 


White 
No Change 
No Change 
No Change 
No Change 
SI. Change 
SI. Change 


White 
No Change 
No Change 
No Change 
No Change 
No Change 
SI. Change 


White 
No Change 
No Change 
No Change 
No Change 
SI. Change 
SI. Change 


While 
No Change 
No Change 
No Change 
No Change 
No Change 
SI. Change 



TABLE XI 



Appearance Results for 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various Pregelatinized Starches Stored a: 30* C 



Age 
(Weeks) 



Ceri-Gcl 300 Ccri-Gc) 443 Pregel 



Keogel 30 Tender Jel 419 Binasol 15 Binasol 81 



0 
4 
10 
26 
39 
52 
78 
104 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



Age 
(Weeks) 



Instant 
Tender Jel 



Starco 401 



Dura-Gel 



Sta-Rx 



Wheatgel 100 Starch 1500 



0 
4 
TO 
26 
39 
52 
78 
104 



•White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Charge 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



White 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 



Results and Discussion 



45 



50 



55 



Tables VII and VIII contain the assay results of the 
test core tablets held at 35* C. and 30' C. f respectively. 
The core tablets were not assayed if they were physi- 
cally unstable, i.e., severely discolored or liquified, 
which is why none of the core tablets held at 40* C. 
were assayed. 

The 35' C. assay results (Table VII) indicated that the 
cyclophosphamide within all 13 test core tablets de- 
graded. However, the degradation rate of the cyclo- 
phosphamide varied with the various batches. IN- 
STANT TENDER JEL, STARCO 401, DURA- 
GEL®, STA-RX®, WHEATGEL 100 and 
STARCH core tablets were physically stable and 
within two percent of their zero-hour results after 26 60 
weeks. CERI-GEL 300, KOEGEL 30 and BINASOL 
81 core tablets were the only tablets that assayed below 
90 percent of the target after 26 weeks. Twelve of the 13 
test batches assayed at less than percent of their zero- 
hour values after 52 weeks. STA-RX® core tablets 65 
assayed at 95.2 percent after 52 weeks. However, even 
those core tablets indicated significant degradation of 
the cyclophosphamide after 78 weeks. 



All the core tablets were near their zero-hour results 
after 78 weeks of 30' C. (Table VIII). Eleven of the test 
batches assayed within 3.0 percent of their zero-hour 
results after 104 weeks of storage. CERI-GEL 433 and 
STA-RX® core tablets were 95.6 percent and 92.0 
percent, respectively, of their zero-hour results. 

Tables IX, X and XI contain the appearance results of 
the core tablets held at 40° C, 35' C. and 30* C, respec- 
tively. At 40 c C, the cyclophosphamide in 12 of the 13 
test batches evidenced significant changes after four 
weeks of storage. STARCH 1500 core tablets showed a 
slight change from their zero-hour appearance. 

At 35* C, eight of the 13 test batches evidenced a 
slight change, a yellowing of the tablets, after 52 weeks 
of storage. CERI-GEL 443, TENDER JEL 419, 
STARCO 401, STA-RX ® and STARCH 1500 did not 
evidence this change in appearance until 78 weeks of 
storage. 

At 30' C, the 13 test batches did not evidence any 
changes from their zero-hour appearance during the 
104 weeks of this study. 

In conclusion, the results indicated that the various 
pregelatinized corn starches had essentially the same 
physical compatibility with cyclophosphamide at accel- 
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erated age conditions. All the core tablets evidenced a 
significant degradation of cyclophosphamide at 35* C 
However, the time required for the tablets to assay less 
than 90 percent of target varied among the various 
brands of corn starch. There was no significant degra- 5 
dation of the cyclophosphamide among the core tablets, 
however, when they were held for 104 weeks at 30* C. 

EXAMPLE 6 

An experiment similar to that shown above in Exam- 10 
pie 4 was performed for 50 mg direct compression cy- 
clophosphamide core tablets containing various direct 
compression diluents prepared in accordance with Ex- 
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cyclophosphamide to diluent of 2:1 by weight. The 
results of the testing are shown in Tables XII, XIII, 
XIV and XV and are somewhat redundant of the results 
shown in Example 4, with exception that this experi- 
ment provides both potency test results and direct phys- 
ical comparison at several temperatures of the stabiliz- 
ing effect of pregelatinized starch (STARCH 1500) and 
ungelatinized corn starch. Additionally, comparisons 
are made with other commonly used excipients. The 
terms for the appearance of the experimental tablets, 
i.e., no change, slight change, moderate change and 
significant change, are the same as described above in 
Examples 4 and 5. 

TABLE XII 



Appearance Results for 50 mg D.C. Cyclophosphamide Core Tablets 

Containing Various D.C. Diluents When Stored at 40' C. 

Age Spray Dried Starch Calcium — - 

(Weeks) Lactose 1500 Avicel ® Phosphate Emdex ® Com Starch 



White 

Sig. Change 



White 
No Change 
Sig. Change 



Mannitol. 



White 

Mod. Change 
Sig. Change 



White 

Sig. Change 



White 

Sig. Change 



White 

Sig. Change 



White 

Sig. Change 



•Core tablets were terminated after the indicated weeks of storage. 



TABLE XIII 



Age 
(Weeks) 



Spray Dried 
Lactose 



Appearance Results for 50 mg D.C. Cyclophosphamide Core Tablets 
Containing Various D.C. Diluents When Stored at 35* C 



Starch 
1500 



Avicel 



Calcium 
Phosphate 



Emdex ® Corn Starch 



0 
4 

12 
20 
30 
34 
39 
52 
52 



White 

Mod. Change 
Sig. Change 



White 
No Change 
No Change 
SI. Change 
SI. Change 
SI. Change 
SI. Change 
SI. Change 



While 
No Change 
No Change 
SI. Change 
SI. Change 
SI. Change 
Mod. Change 



White 
No Change 
No Change 
SI. Change 
SI. Change 



White 

Sig. Change 



Mannitol 



White 

Mod. Change 
Mod. Change 
Mod. Change 
Sig. Change 



White 

Mod. Change 
Mod. Change 
Mod. Change 
Mod. Change 



♦Core tablets were terminated after the indicated weeks of storage. 



TABLE XIV 



Age 
(Weeks) 



Spray Dried 
Lactose 



Appearance Results for 50 mg 
Containing Various D.C. 



D.C. Cyclophosphamide Core Tablets 
Diluents When Stored at 30' C. 



Starch 
1500 



Avicel ( 



0 
4 
8 

12 
16 
39 
52 
52 



White White White 

No Change No Change No Change 

Mod. Change No Change No Change 

Mod. Change No Change . No Change 

Mod. Change No Change No Change 

* No Change No Change 

No Change No Change 



Calcium 
Phosphate 

White 



Emdex i 



Corn Starch Mannitol 



White 



White 



White 

No Change Mod. Change No Change No Change 
No Change Mod. Change No Change No Change 



No Change Sig. Change 

No Change Sig. Change 
No Change • 
No Change 



No Change No Change 
Mod. Change Mod. Change 



'Core tablets were terminated after the indicated weeks of storage. 

ample 2. This provides tablet cores comprising a ratio of 

TABLE XV 



Assay Test Results for 50 mg Cyclophosphamide Core Tablets 
Containmg Various D C. Diluents When Stored at 30' C. and 35* C. 



Storage 
Condition 



35' C. 



30' C. 



Age 


Spray Dried 




(Weeks) 


Lactose 


Starch 1500 


0 


98.6, 99.6 


114.8,116.2 ! 


12 


93.4 


115.4 


26 


a 


109.4 


39 




100.4 


52 




. 91.6 


39 


97.4 





Avicel i 



Calcium 
Phosphate 



Emdex . 



Corn 
Starch 



Mannitol 



116.2,116.4 113.8.116.6 



116.2 
102.2 
78.0 



307.8 
68.2 



116,6. 
118.8 



114.8 



113.8. 
U5.4 
108.6 
95.0 
a 

112.4 



U3.6. 
114.2 
107.2 
78.0 



109.4 
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TABLE XV-continued 

Assay Test Results for 50 mg Cyclophosphamide Core Tablets 
Containing Various D.C. Diluents When Stored at 30" C and 35* C. 

, (Percent of Target) 

Storage Age Spray Dried Calcium Corn 

Condition (W eeks) Lactose Starch 1500 Avicel ® Phosphate Emdex ® Starch Mannitol 

- 5 2 t H6.2 116.0 112.8 a a a 

' The «""« ublrt wu physically unstable: therefore, usayi were not performed. 

Results and Discussion pregelatinized starch in said composition is about 2 to 1 

, by weight. 

. Jr, 6 ^ f "•!" Tal l leS XI1 ' XI "' XIV and XV 5 - A Pharmaceutical composition according to claim 

RChS nrJ-H pre « e,ati " ized stareh 3 - the ratio of cyclophosphamide to" part a ly 

Me IfabLn^,? "! un K exP l Cted , 3nd remark - I5 P re « ela tini"d starch in said composition is about 2 to 1 

awe stabilizing effect on cyclophosphamide at age ac- 15 by weight 

celerating conditions of 40* C, 35' C and 30' C. when 6. A pharmaceutical composition according to claim 

mJS fl ,in T thC T V Hat Van ° U u S ChangCS and g eIatinized sta '<* i" said composition is about 2 to 1 by 
modifications can be made therein without departing weight * 

SSeJclSr ° f inVeMi ° n 85 defmed in * e aP " 0 fe la 1 m a 2 blet ° b,ained bV com P™* «"e composition 
What is claimed is: 25 q a ta u„ t rt v fa - . 

1. A directly compressible pharmaceutic* composi- of Calm 3 ^ ^ COmpreSS,n * ,he "mposu.on 

mlSSSS^^SS^ ' Par,i3,ly ° f o / c » ai A m «f -btainedbycompressingthecomposition 
iwh^rfc 
"^^^ 

and 80 percent by weight unmodified corn starch. 13. A tablet obtained by compressing the composition 

3. A pharmaceutical composition according to claim of claim 7 composition 
LnJ^Jw Pa ", ia " y P re « ela «" i2ed starch is a P a '" 35 M A direct compressible tablet comprising an inner 

dub.S r5?<SF~ haVmg 8 C ° ld fn ° f , COmPre r d C r l0 P hos P hamide a " d S or 

4. A pharmr u ^X"on according to claim £ SESfi"* ^ ^ ^ ^ " 
2, wherein the ratio of cyclophosphamide to partially « 



* * » . ♦ 



45 



50 



55 



60 



65 



05/31/2002, EAST Version: 1.03.0002 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,047,246 

DATED September 10, 1991 

INVENTOR(S) : Gallian, et al. 

It is certified that error appears In the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Claim 1, column 25, line 26, before the word "A" insert the words -- 
A tablet comprising — . 

Claim 1. column 25, line 28, after the word "starch" insert the 
words — wherein the ratio of cyclophosphamide to partially or 
fully pregelatinized starch in said composition is about 2 to 1 by 
weight — . 

Claim 14, column 26, line 35, before the word "A" insert the words - 
A tablet comprising — . 

Claim 14, column 26, line 37. after the word "starch" insert the 
words - wherein the ratio of cyclophosphamide to partially or fully 
pregelatinized starch in said tablet is about 2 to 1 by weight --. 



Attest: 



Signed and Sealed this 
Seventh Day of September, 1993 

^Lto* teMnti 



BRUCE LEHMAN 

Attesting Officer Commissioner of Patents and Trademarks 
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